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Claims 

1. An adaptive antenna radio communication device 
comprising: 

an array antenna made up of a plurality of antenna elements 
receiving high frequency signals that are transmitted by 

multi-carrier; 

a demultiplexer for demultiplexing the signal received 
by saidrespective antenna elements to aplurality of suh-carrier 
signals ; 

Nd divided band direction estimating units for estimating 
the directlon-of -arrival of a radio wave by dividing the entire 
communication band being said multi-carrier transmitted into 
Nd bands (however. Nd is 2 or more or a positive integer less 
than the number of sub-carriers used for multi-carrier 
transmission, and using sub-carrier signals belonging to the 
respective divided bands; 

a divided band array weight creating unit for creating 
a weight of a receive array having a directional beam in the 
taction of estimation by said divided band direction 
estimating unit for said respective divided bands; 

a sub-carrier directivity creating unit for creating a 
directivity by multiplication-combining the receive array 
weight created in each divided band with the corresponding 
sub-carrier signal belonging to the divided band; and 

a demodulating unit for demodulating data by using the 
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output of said sub-carrier directivity creating unit. 

2. The adaptive antenna radio communication device 

according to claim 1, 
wherein said divided hand direction estimating unit calculates 
pilot signal correlation values with the respective input 
suh-carrier signals using a Known pilot signal embedded in a 
S ub-carrier signal, and estimates the direction-of -arrival 
oased on the correlation values of the pilot signal correlation 
values calculated between the same sub-carrier signals received 
by different antenna elements. 

3. The adaptive antenna radio communication device 

according to claim 2, 
wherein said divided band direction estimating unit estimates 
the direction-of-arrival using correlation matrices 
integrating correlation matrices of the respective 
sub-carriers belonging to the sub-carrier signals. 

4. The adaptive antenna radio communication device 

according to claim 2, 
wherein said divided band direction estimating unit estimates 
the direction-of -arrival using a correlation matrix « expressed 
as R-Vtf +V 2 V? +~~ + V L V» where I. is the number of 
sub-carriersbelongingtothesub-carriersignals ; Vlcisacolumn 

vector having apilot signal correlation value as an m-th element 
in the m-th antenna element with respect to the x-th sub-carrier 
signal , and H is a complex conjugate transposed operator. 
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5. The adaptive antenna radio communication device 

according to claim 2, 
wherein said divided band direction estimating unit estimates 
t ne direction-of-arrival by using a correlation vector 
, integrating correlation vectors of the respective sub-carriers 
belonging to the sub-carrier signals. 

6. Tne adaptive antenna radio communication device 

according to claim 2, 
herein said divided band direction estimating unit estimates 
10 th edirection-o f -arrivalusingacorrelationvector Z e XP ressed 

as z = V iX *V 1 + V 2 x + +Vlx — » L iS the nUmb6r ° f 
snb-carriersbelongingtotnesub-carriersignals^isacolun-n 

vectorhavingapilot signal correlation value as an m-th element 
ln tne m-tb antenna element „itb respect to tbe K-th sub-carrier 
1S signal v** is an x-th element of said column vector VM however. 
x is apositive integer less than tbe number of antenna elements , , 
and * is a complex conjugate operator. 

V. The adaptive antenna radio communication device 

according to claim 1, 
20 wherein said divided band direction estimating unit further 
has a path search unit for calculating a delay profile by 
calculating a cross correlation between respective input 
sub-carrier signals using a Known pilot signal embedded in the 
sub-carrier signal and detecting a plurality of path arrival 
25 timings from the delay profile. and estimates the 
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.irectlon-of-arrivalbasedonthecorrelationvalueofthepilot 
sig „al correlation value calculated between the same 
sub-carrier signals received by different antenna elements in 
the respective path arrival timing. 

8. The adaptive antenna radio communication device 

according to claim 7. 
Mhe reln said divided band direction estimating unit estimates 
the direction-of -arrival using a correlation matrix 
integrating correlation matrices of the respective 
sub -carriers detected in the respective sub-carriers belonging 
to the sub-carrier signals. 

9. The adaptive antenna radio communication device 

according to claim 7. 
wherein said divided band direction estimating unit estimates 
the direction-of -arrival using a correlation matrix R expressed 



as 

L S 



R= | 2V k {p)V k (pf 

jfe=lp=l 

„ h ere L is the number of sub-carriers belonging to the 
sub -carrier signals, Vx(p) is a column vector having the pilot 
0 signal correlation values as an m-th element in the m-th antenna 
element of the p-th arrival path (the number of whole arrival 
paths is specified as S, with respect to the x-th sub-carrier 
signal , and H is a complex conjugate transposed operator. 

10. The adaptive antenna radio communication device 



54 



according to claim 7, 
wherein said divided band direction estimating unit estimates 
the direction-of-arrival using a correlation vector 
integrating correlation vectors of the respective sub-carriers 
d etected in tbe respective sub-carriers belonging to the 

sub-carrier signals. 

11. Tbe adaptive antenna radio communication device 

according to claim 7. 
wherein said divided band direction estimating unit estimates 
the direction-of -arrival using a correlation vector z expressed 
as 

z= | ivtcipyvkip) 
k=ip=i 

where L is the number of sub-carriers belonging to the 
sub -carrier signals; VH(p) is a column vector having the pilot 
signal correlation values as anm-th element in tbem-th antenna 
element of tbe p-th arrival path <the number of whole arrival 
paths is specified as S, with respect to the fc-th sub-carrier 
signal and * is a complex conjugate operator. 

12. The adaptive antenna radio communication device 

D according to claim 3, 

„ h erein said divided band direction estimating unit estimates 
the direction-of -arrival by any one of the MUSIC method. ESPRIT 
m ethod. CAPON method and Fourier method using said correlation 
matrix R. 



13. The adaptive antenna radio communication device 

according to claim 8, 
wh erein said divided band direction estimating unit estimates 
the direction-or -arrival by any one of the MUSIC method. ESPRIT 
, .ethod. CAPON method or Fourier method using said correlation 
matrix R. 

14. The adaptive antenna radio communication device 

according to claim 3. 

wherein said divided hand direction estimating unit has a 
0 spatial smoothing processing unit for performing spatial 

smoothing processing on the correlation matrix P. and estimates 

the direction-of -arrival hy using any one of the MUSIC method. 

ESPRIT method. CAPON method and Fourier method to the output 

from the spatial smoothing processing unit. 
l5 15. The adaptive antenna radio communication device 

according to claim 5, 
wherein said divided band direction estimating unit has a 
spatial smoothing processing unit for performing spatial 
smoothing processing on said correlation matrix R and estimates 
20 the direction-of -arrival by using any one of the MUSIC method. 
ESPRIT method. CAPON method and Fourier method to the output 
from said spatial smoothing processing unit. 

16. The adaptive antenna radio communication device 
according to claim 7. wherein said divided band direction 
25 estimating unit has a spatial smoothing processing unit for 
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performing spatial soothing processing on the correlation 
ma trix R an, estimates the direction-of -arrival hy using any 
one of tne MUSIC method. ESPRIT method. CAPON method and Fourier 
m ethod to tne output fro, tne spatial smoothing processing unit . 

17 . The adaptive antenna radio communication device 
according to claim 8. wherein the divided hand direction 
estimating unit has a spatial soothing processing unit for 
performing spatial smoothing processing on the correlation 
m atrix R and estimates the direction-of -arrival hy using any 
10 one of the MUSIC method, ESPRIT method , CAPON method and Fourier 
m ethod to the output from the spatial smoothing processing unit . 

18 . The adaptive antenna radio communication device 

according to claim 3. 
herein said divided hand direction estimating unit has a 
l5 unitary converting unit for performing unitary conversion 
pressing on the correlation matrix R and estimates the 
dlr ection-of-arrivalhyusinganyoneoftheMUSICmetnod.ESPRIT 

method. CAPON method and Fourier method to the output from the 
unitary converting unit. 

19. The adaptive antenna radio communication device 

according to claim 5, 
herein said divided hand direction estimating unit has a 
unitary converting unit for performing unitary conversion 
pressing on the correlation matrix R and estimates the 
25 direction-of-arrlvaloyuslnganyoneof the MUSIC method. ESPRIT 
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met hod. CAPON method ana Fourier method to the output from the 
unitary converting unit. 

20. The adaptive antenna radio communication device 

according to claim 7, 

wherein said divided band direction estimating unit has 
a unitary converting unit for performing unitary conversion 
accessing on the correction matrix R and estimates the 
^ection-of-arrivalbyusinganyoneofthe^SICmethod.ESPRIT 

m ethod. CAPON method and Fourier method to the output from the 
10 unitary converting unit. 

21. The adaptive antenna radio communication device 

according to claim 8, 
wherein said divided hand direction estimating unit has a 
unitary converting unit for performing unitary conversion 
1 5 processing on the correlation matrix * and estimates the 
air ection-of-arrivalhyuslnganyoneoftheMUSXCmethod.KSPRlT 

me thod. CAPON method and Fourier method to the output from the 
unitary converting unit. 

22. An adaptive antenna radio communication device 

20 comprising: 

an array antenna made up of a plurality of antenna elements 
receiving high freguency signals that are transmitted hy 

multi-carrier; 

a demultiplexer for demultiplexing the signal received 
25 by therespectiveantennaelementstoapluralityofsuh-carrier 
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signals ; 

an entire band direction estimating unit for estimating 
th e direction-of-arrival using sub-carrier signals in tbe 
entire co™.unication band being multi-carrier transmitted : 

N d divided band direction estimating units for estimating 
tbe direction-of -arrival of a radio wave by dividing tbe entire 
communication band into Nd bands (however. Nd is 2 or more. 
or a positive integer less than tbe number of sub-carriers used 
£ or multi-carrier transmission, and using sub-carrier signals 
10 belonging to the respective divided bands , 

a direction estimation result selecting unit for 
selecting and outputting an estimation value of said entire 
„and direction estimating unit when the deviation of tbe 
section estimation results in said Nd divided band direction 
15 estimating units is less than the predetermined value, and for 
outputting an estimation value of said divided band direction 
estimating unit when tbe deviation is greater than tbe 
predetermined value: and 

a divided band array weight creating unit for creating 
2 „ a weight of a receive array having a directional beam in tbe 
section of estimation using tbe output of said direction 
estimation result selecting unit. 

23. An adaptive antenna radio communication device 

comprising : 

an array antennamade up of a plurality of antenna elements 
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receiving high ~ signals that are transmitted .V 

multi-carrier; 

a multiplexer for demultiplexing the signal received 
by sai a respectiveantennaele m entstoapluralit y ofsu b -carrier 

5 signals; 

an entire tana direction estimating unit for estimating 
t „e eirection-of-arrival using sub-carrier signals in the 
enti re co^unication band being multi-carrier transmitted; 

Nd aivided band direction estimating units for dividing 
10 tbe entire co^nunication band into Nd bands (however. Nd is 
2 or .ore. or a positive Integer less tban tbe number of 
sub-carriers used for multi-carrier transmission, and 
estimating tbe direction-of -arrival of a radio wave b Y using 
sub-carrier signals belonging to tbe respective divided bands , 
a direction estimation result selecting unit for 
meeting an angle spread from tbe spatial profile calculated 
in said entire band direction estimating unit, for selecting 
andoutputtingan estimation value of said entire band direction 

20 predetermined value, or outputting an estimation value of tbe 
alv i 3 ed band direction estimating unit when tbe angle spread 
is greater than the predetermined value; and 

a divided band array weight creating unit for creating 
a weight of a receive arra. having a directional beam in tbe 
25 uirection of estimation using tbe output of said direction 
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estimation result selecting unit. 

24. The adaptive antenna radio communication devioe 
according to claim 22. further comprising: 

in a radio system being multi-carrier transmitted in a 
5 time division duple, (TDD) method or a frequency division duplex 
(FDD) method, 

a sub-carrier transmission weight creating unit for 
ovulating a weight of a transmission array that forms a 
transmitting directional beam in the respective divided bands 
10 based on the estimated direction result selected by said 
direction estimation result selecting unit; and 

a sub-carrier transmission directivity creating unit for 
transmitting a directional beam being multiplied the 
transmitting sub-carrier signal by the transmission array 
15 weight in the respective divided bands. 

25. The adaptive antenna radio communication device 
according to claim 23. further comprising: 

in a radio system being multi-carrier transmitted in a 
time division duplex (TDD, method or a frequency division duplex 

20 (FDD) method, 

a sub-carrier transmission weight creating unit for 
calculating a weight of a transmission array that forms a 
transmitting directional beam in the respective divided bands 
b ased on the estimated direction result selected by said 
25 direction estimation result selecting unit: and 
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a sub-carrier transmission directivity creating unit for 
transmitting a directions! beam being multiplied tbe 
transmitting sub-carrier signal by tbe weight of tbe 
transmission array in tbe respective divided bands. 

26. Tbe adaptive antenna radio communication device 
according to claim 1. further comprising: 

in a radio system being multi-carrier transmitted in a 
time division duplex (TDD) method. 

a sub-carrier transmission weight creating unit using 
a weight of e receive array created in the divided band array 
w eight creating unit as a weight of a transmission array; and 
a sub-carrier transmission directivity creating unit for 
transmitting a directional beam using a weight of a transmission 
array common to the respective divided bands. 

27. The adaptive antenna radio communication device 
according to claim 1. further comprising: 

in a radio system being multi-carrier transmitted in a 
tis.e division duplex (TDD, method or a freguency division duplex 
( FDD ) method , 

a sub-carrier transmission weight creating unit for 
calculating a weight of a transmission array in order to create 
a transmitting directional bean- in the direction of estimation 
g i V ingmaximumreceivedpower among all directions of estimation 
by said divided band direction estimating units; and 

a sub-carrier transmission directivity creating unit for 
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transmitting a directional beam common to the entire divided 
band nsing the weight of the transmission array. 

28. The adaptive antenna radio communication device 
according to claim 1. further comprising: 

in a radio system being multi-carrier transmitted in a 
time division duplex (TDD) method or a frequency division duplex 
(FDD) method, 

a sub-carrier transmission weight creating unit for 
calculating a deviation of the estimation direction outputted 
XO from said divided band direction estimating unit . calculating 
a weight of a transmission array for creating a transmitting 
directional beam in the average direction of direction 
estimation values outputted from all of said divided band 
direction estimating units when the deviation is less than the 
15 predetermined value, or calculating the weight of the 
transmission array in the direction of estimation giving a 
predetermined number of the upper received power among all of 
the divided bands when the deviation is greater than the 
predetermined value. 
20 29. The adaptive antenna radio communication device 

according to claim 1, 
wherein the multi-carrier transmission uses sub-carrier 
signals to which orthogonal frequency division multiplexing 

(OFDM) is applied. 
25 30. The adaptive antenna radio communication device 
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according to claim 22, 

wherein the multi-carrier transmission uses sub-carrier 

signals to which orthogonal frequency division multiplexing 

(OFDM) is applied. 

31. The adaptive antenna radio communication device 

according to claim 23, 

wherein the mult i- carrier transmission uses sub-carrier 
signals to which orthogonal frequency division multiplexing 

(OFDM) is applied. 

32. The adaptive antenna radio communication device 

according to claim 1, 

wherein the multi-carrier transmission uses sub-carrier 
signals in which users multiplex by code division in the 
direction of frequency axis or time axis. 
- t 33. The adaptive antenna radio communication device 

according to claim 22, 

wherein the multi-carrier transmission uses sub-carrier 
signals in which users multiplex by code division in the 
direction of frequency axis or time axis. 
0 34. The adaptive antenna radio communication device 

according to claim 23, 

wherein the multi-carrier transmission uses sub-carrier 
signals in which users multiplex by code division in the 
direction of frequency axis or time axis. 
25 35. The adaptive antenna radio communication device 
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according to claim 32, 

wherein a weight of a transmission array or a weight 
of a receive array is created for the respective multiplexed 
users for directional receiving. 
5 36. The adaptive antenna radio communication device 

according to claim 33, 

wherein a weight of a transmission array or a weight 
o£ a receive array is created for the respective multiplexed 
users for directional receiving. 
10 37. An adaptive antenna radio communication device 

according to claim 34, 

wherein a weight of a transmission array or a weight 
of a receive array is created for the respective multiplexed 
users for directional receiving. 
15 38. The adaptive antenna radio communication device 

according to claim 35, 

wherein said divided band array weight creating unit 
has a directional beam in the direction estimation result of 
the divided band direction estimating unit in its divided band 
20 and creates a weight of a receive array for creating a null 
in the estimation direction of other multiplexed users. 

39. The adaptive antenna radio communication device 

according to claim 36, 

wherein said divided band array weight creating unit 
25 has a directional beam in the direction estimation result of 
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the divided band direction estimating unit in its divided band 
and creates a weigbt of a receive array for creating a nuii 
in the estimation direction of other multiplexed users. 

40. The adaptive antenna radio communication device 

5 according to claim 37, 

wherein said divided band array weight creating unit 
has a directional beam in the direction estimation result of 
the divided band direction estimating unit in its divided band 
and creates a weight of a receive array for creating a null 
l0 in the estimation direction of other multiplexed users. 

41. The adaptive antenna radio communication device 

according to claim 35. 

wherein said sub-carrier transmission weight creating 
unit has a directional beam in the direction of a desired user 
15 and creates a weight of a transmission array for creating a 
null in the direction of other multiplexed users. 

42. The adaptive antenna radio communication device 

according to claim 36. 

wherein said sub-carrier transmission weight creating 
20 unit has a directional heam in the direction of a desired user 
and creates a weight of a transmission array for creating a 
null in the direction of other multiplexed users. 

43. The adaptive antenna radio communication device 

according to claim 37, 

wherein said sub-carrier transmission weight creating 
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unit has a directional beam in the direction of a desired user 
and creates a weight ox a transmission array for creating a 
null in the direction of other multiplexed users. 
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